Abstract: Materials Requirements Planning (MRP) and Just-in-Time (JIT) are currently two of the most popular manufacturing technologies. Based on 246 Chinese companies' survey, we found that the degree of the MRP and JIT implementation and integration has a positive relationship with the manufacturer's performance. The hybrid MRP and JIT system, which create synergy and attains better performance, is widely accepted in China.
In the following sections, we first review the literature of MRP and JIT and use the literature as theoretical foundation to build the research hypotheses and framework. Section 3 focuses on research methodologies, the survey technique and data characteristics. In Section 4, we discuss the empirical results and research findings. Summary and Conclusion are made in Section 5.
Literature review and research propositions
An important difference between MRP and JIT is that MRP is a computer-based planning system, whereas JIT is a management philosophy and an approach to minimise waste in manufacturing. Due to this distinction, MRP and JIT have followed separate research streams for decades. Earlier research mainly focused on the principle and comparison of the two from the theoretical perspective Orlicky, 1975; Toni et al., 1988) . Since the 1990s, empirical studies of MRP (Hitt and Zhou, 2002; Hunton et al., 2003; Murphy and Simon, 2002; Yusuf and Little, 1998) and JIT (Fullerton and McWatters, 2001; Hum and Ng, 1995; Salaheldin and Francis, 1998; Sriparavastu and Gupta, 1997) start to appear. Although some researchers felt that MRP and JIT should complement each other (Benton and Shin, 1998; Bose and Rao, 1988; Flapper et al., 1991; Sillince and Sykes, 1992; Titone, 1994) , no empirical study has so far addressed the integrated JIT and MRP systems (JIT + MRP). We will fill this gap in this study. In Sections 2.1 and 2.2, we examine the MRP and JIT literature independently.
MRP application and performance
Empirical study of MRP has historically focused on the identification of factors that impact the overall performance (Salaheldin, 2004) . The consensus is that management support, market strategy, organisation climate, education and training, project management, vendor support, experiences with IT systems, company size and age are main success factors. Sponsored by APICS, Anderson et al. (1982) , Schroeder et al. (1981) and White et al. (1982) first examined the benefits of MRP. Subsequent studies (Lau et al., 2002; Petroni and Braglia, 1999; Rabinovich et al., 2003; Salaheldin and Francis, 1998; Sum et al., 1995; Wilson et al., 1994) showed that MRP can improve quality; shorten lead times; reduce WIP; improve Production Planning (PP), schedule and control; lower inventory level; increase productivity and customer service; reduce operations cost and improve cooperation among department. Hunton et al. (2003) and Murphy and Simon (2002) have also identified the operational and financial performance measures for ERP. Table 1 summarises these measures from various MRP literatures. Salaheldin (1998) , Rabinovich et al. (2003) and Lau et al. (2002) Increase operating efficiency Sum et al. (1995) and Petroni (2002) Lower WIP Yusuf and Little(1998) and Petroni (2002) Improve quality Yusuf and Little (1998) , Salaheldin (1998) , Petroni (2002) , Lau et al. (2002) and Zhao et al. (2002) Increase productivity Sum et al. (1995) , Salaheldin (1998) , Petroni (2002) , Lau et al. (2002) and Zhao et al. (2002) Improve planning, schedule and control Sum et al. (1995) , Salheldin (2002) , Petroni (2002) , Lau et al. (2002) and Zhao et al. (2002) Improve communication Sum et al. (1995) , Salaheldin (1998 ), Petroni (2002 , Lau et al. (2002) , Zhao et al. (2002) Lower operation cost Sum et al. (1995) , Yusuf and Little (1998) , Salaheldin (1998) and Petroni (2002) 
Shorten lead time
Yusuf and Little (1998) Improved market forecasting Zhao et al. (2002) Despite the 20 years' history of MRP in China, research publications on this subject are rare. The few publications mainly focus on theoretical discussions. In Chinese, only Wang et al. (1998) and Zhang et al. (1998) have empirically studied the accuracy of MRP and non-MRP firms. Overseas, Lau et al. (2002) compared the MRP firms in Hong Kong and China, while Zhao et al. (2002) analysed the relationship between MRP benefits and the problems encountered. All utilise a relatively small sample size. Today, many operation managers in China are eager to learn the how's and why's of MRP. Should their company stay with the basic MRP, move to MRPII or bear the financial risk and upgrade to ERP? In this paper, we will address this issue by understanding the relationship between the implementation degree and performance.
JIT application and performance
Since adopted by Toyota in early 1970s, JIT has engendered great interest internationally. Sugimori and Kusunoki (1977) first reported its implementation and Golhar and Stamm (1991) later identified over 860 journal papers on JIT, many of which focused on the components and success factors of JIT. Ramarapu et al. (1995) considered waste elimination, quality improvement, management commitment, employee participation and vendor/supplier participation has the main JIT components. According to Brox and Fader (1997) , the essential JIT success factor is inventory minimisation. Efficiency is derived from frequent deliveries of small quantities to meet immediate demand. The application of Kanban -a 'pull' system of production and materials control and employee participation and involvement are keys for eliminating waste and achieving efficiency (Golhar and Stamm, 1991) . Billesbach and Hayen (1994) , Chakravorty and Atwater (1995) and White et al. (1999) found JIT benefits in throughput time, internal quality, external quality, labour productivity and employee behaviour. They show that company size matters. Upton (1998) surveyed 110 New Zealand manufacturers and found that JIT implementation improves labour efficiency, supplier quality, inventory turnover, supplier on-time delivery, scrap, machine utilisation and set-up time. Fullerton and McWatters (2001) ; Fullerton and McWatters (2002) and Fullerton et al., (2003) reported improvement in inventory level, quality cost and responsiveness. Table 2 summarises the benefits of JIT implementation. It is obvious that JIT implementation improves manufacturing performance. However, hitherto few empirical study of JIT application in China has been conducted. We aim to bridge this gap.
Table 2
Summary of the operating benefits from JIT implementation
Operations benefit Authors
1 Reduced throughput time Flynn et al. (1995) , White et al. (1999) and Im and Lee (1990) 2 Improved internal quality Chang and Lee (1995) , Gravel and Price (1988) , Wacker (1987) , White et al. (1999) , Upton (1998) and Shoal and Egglestone (1994) 3 Improved external quality Chang and Lee (1995) , Flynn et al. (1995) , Norris et al. (1994) , Wacker (1987) , Upton (1998) and Chen (1997) 4 Improved labour productivity Lieberman and Demeester (1999) , Brox and Fader (1997) , Celley et al. (1986) , Norris et al. (1994) , Ramarapu et al. (1995) and Shoal and Egglestone (1994) 5 Reduced inventory Chang and Lee (1995) , Gilbert (1990) , Im and Lee (1989) , Ramarapu et al. (1995) and Shoal and Egglestone (1994) 6 Decreased unit cost Brox and Fader (1997) , Im and Lee (1989) , White et al. (1999) and Zangwill (1987) 7 Increased flexibility Ahmad et al. (2004) and Sohal and Egglestone (1994) 8 Utilisation of machine Upton (1998) 
Research hypothesis and framework
Several researchers have theoretically shown that JIT and MRP integrated system is more effective due to complementary effects (Lee, 1992) . Benton and Shin (1998) The complete research framework is summarised in Figure 1 . 
Questionnaire
The questionnaire was designed based on extensive literature review and discussion with managers and researchers and can be found in the Appendix. The first part of the questionnaire concerns the basic information of the firms, the second part relates the implementation degree of production technology and the final part measures the PP and Control (PPC) performance. Except for the questions in part I, all inquiries are to be answered on the 5-point Likert-scale, corresponding to the degree of agreement with the statement.
Survey technique
Because China is a huge country, the geographic dispersion brings about different economic development pace. In order to make certain that the survey results accurately represent the manufacturing practice in China, we divided the nation into five survey districts: north, east, centre, south and west China. These regions cover the entire population and correspond to the industry distribution in mainland China.
Response rate and non-response bias is always a concern in survey research. The most common protection against non-response bias is to increase the response rate (Lambert and Harrington, 1990) . In most survey studies, the response rates range from 10% (Co et al., 1998) to 40% (Boyer et al., 1997; Dean et al., 1992) , however, a number of papers in the operations management field often report a response rate of 20% or less. Because survey study is relatively new in China and most of the practitioners are not willing to reveal information if they are not acquainted with the surveyor, the response rate is even lower. Our earlier experience revealed a response rate of 7% when sampling through post mail. In order to increase the response rate, we tested a new survey technique and collected data from several Chinese MBA classrooms.
In each region, we first identified major universities that offered part-time MBA programs. The Operations Management (OM) professors in these universities were informed of our survey contents, and at their consent, we e-mailed them with the questionnaire. As a part of the OM course activities, the professors distributed the two-page survey form to students. If the student works in operations area, he/she will finish the questionnaires directly, otherwise the questionnaire is taken back to the company's Operations Manager, Plant Manager, Director of Manufacturing or Vice President of Operations to complete. Students turned in the survey the following class as an extra-credit assignment. Shortly after, the questionnaires were mailed back to the authors.
The survey work was started in late September of 2005 and ended in early December of 2005 with 397 questionnaires received. Among them, 246 were complete, giving an effective response rate of 62%. Table 3 summarises the regional distribution, where companies in the centre, east and south China account for more than 80% of the respondents. Note that the samples distribution is consistent with the true dispersion of the Chinese manufacturing industry. In fact, these three regions are China's industrial bases and are the most economically developed zones. We believe our survey captures the nature of the current manufacturing industry in China. 
Data characteristics
The sample profile given in Table 4 symbolises China's manufacturing industry, in which we can find the following characteristics. State-owned and foreign sole proprietorship companies account for the majority of the ownership. Seventy percent of the companies are sized from medium to large. While respondents are well distributed across industrial sectors, automobile, electronic, chemical and machine industry make up nearly 50% of the group. Then again, 87% of the companies adopt Make-To-Order (MTO) or a mix of MTO and Make-To-Stock (MTS) strategy. This suggests that the current Chinese economy is market-oriented, not the planned economy typically seen in communist societies. Finally, most companies employ medium-to large-batch size production. 
The production performance measure
We identified ten response variables for measuring the PPC performance. In Table 5 , the first five items, PP01-PP05, correspond to the PP measure, while the last five items, PC01-PC05, correspond to the PC measure. The reliability of these variables was tested using Cronbach's α, which shows how well a set of variables measure a single uni-dimensional latent construct, for example, how well PP01-PP05 measure the PP performance. Cronbach's α will be low if data show a multidimensional structure; this then requires factor analysis to determine which variables load highest on certain dimensions. Since Cronbach's α is relatively high in Table 5 , we believe the ten variables have appropriately formed a single latent construct in measuring the production performance. Table 6 provides additional evidence to show that the variables are measuring the same underlying construct, since the correlations among variables are relatively high. 
Measuring the degree of JIT and MRP implementation
The components of JIT are often perceived differently among academicians and practitioners (Ahmad et al., 2004; Fullerton and McWatters, 2001; Im and Lee, 1989; White et al., 1999; Zhu and Paul, 1995) . Based on the literature review and interview with managers, we have chosen the following ten factors to measure the JIT implementation degree. They are:
1 set-up time reduction 2 small lot size 3 quality circle and TQM 4 JIT purchasing 5 cross-training and multifunction employee 6 pull production line 7 '5S' and improvement activities 8 KANBAN system 9 scheduling stability and 10 total production maintenance.
Note that we do not include 'focused factory' or 'group technology' (Chase et al., 2004) because the two technologies are rarely employed in China. On the contrary, we bring in the '5S' since it is often practiced in Chinese firms when they implement JIT. '5S' originated within Toyota; nowadays it has become one of the first step companies take to implement lean manufacturing or six sigma. The '5S' (Sort, Set in Order, Shine, Standardise and Sustain) is widely recognised as an important process for optimising workplace organisation. Modules employed in MRP vary considerably. Based on MRP software functions and literature (Chan and Burns, 2002; Lau et al., 2002; , we chose ten variables to measure MRP implementation degree. Following the same approach taken in Table 5 , we found the Cronbach's α reliability measures for MRP and JIT implementation degree are 0.92 and 0.89, respectively. The correlation analysis also demonstrates that all variables within each set are highly correlated. This indicates that the chosen MRP and JIT variables are reliable and reasonable.
Data analysis methods
Our hypotheses were tested through multiple regression models. The ten performance measures of PPC act as dependent variables, while the degree of JIT and MRP implementation serve as the independent variables.
Testing Hypothesis 1
Hypothesis 1 assumes that the higher the implementation degree of JIT, the better the production performance. In order to test this assumption, we use the following models:
where Y 
In the regression models, if the coefficient is positive, we conclude that the higher the implementation degree of JIT, the better the performance, that is, the production performance of the manufacturing system has a positive association with the JIT implementing degree.
Testing Hypothesis 2
Hypothesis 2 assumes that the production performance has a positive relationship with the implementation degree of MRP system. Similar to the testing models proposed for Hypothesis 1, we construct the regression models as follows. The variables below are defined similarly to those in Equations (1)-(6). 
Testing Hypothesis 3
Hypothesis 3 assumes that for any firm type, the implementation degree of the combined MRP and JIT system has a positive relationship with the operational performance. To test this hypothesis, we used the model below: If the regression coefficient turned out to be positive, we concluded that the higher the implementation degree of JIT + MRP, the better the PPC performance or the operational performance has a positive association with the aggregated activities of JIT and MRP.
Testing Hypothesis 4
The aim of Hypothesis 4 is to test the popular belief that, in a JIT + MRP combined PPC environment, JIT acts as a control system while MRP as a planning system. In other words, does MRP influence more on PP performance? Will JIT contribute more to the PC performance? We construct the following models to test this hypothesis: 
Empirical results and research findings
The results of the regression analyses are shown in Tables 7-9 . Details are discussed below. Table 7 shows the results of testing Hypothesis 1 using models (1)-(6). For models (1)- (3), we obtained the regression coefficients of 0.463, 0.434 and 0.406 for the combined PPC, PP and PC, respectively. As seen on the bottom of Table 7 , they are all significant at α = 0.05. This indicates that the PP, PC and PPC performances all have significant association with the implementation degree of JIT system. Hypothesis 1 is thus supported, that is, the more thoroughly the JIT is implemented, the better the performance of the production system. Note: PP = performance of production planning; PC = performance of production control; PPC = total performance of production planning and control.
JIT implementation degree versus operational performance
Multiple regression models (4)-(6) are used to analyse the impact of each element of JIT on the performance. Before estimating the models, tests of potential multicollineartiy among the set of independent variables were conducted. We found that all three Variance Inflation Factor (VIF) values are less than 2.0, falling below the conventional critical value of 10, at which point multicollinearity becomes problematic (Neter et al., 1983) . Examination of the tolerance of the variables and the condition indices associated with the eigenvalues also support the lack of collinearity. Therefore, the multiple linear regression models are effective. The observed levels of significance at the centre of Table 7 The exception here is that small lot sizing has a negative relationship with operational performance with regards to PPC, PP and PC; this suggests firm's performance deteriorates when implementing this JIT element. Further investigation is warranted. Two elements, KANBAN and the Pull Production Line, are not significant. In fact our survey revealed (not shown here) the average implementation degrees of KANBAN and the Pull Production Line are much lower than the total average level of implementation degree of the JIT system. This demonstrates that Chinese enterprises do not entirely 'copy' JIT techniques. They selectively implement the JIT components that are appropriate for Chinese environment.
MRP implementation degree versus operational performance
Hypothesis 2 assumes that the implementation degree of the MRP has a positive association with the production performance. Models (7)- (9) were used for such test and the results are shown at the bottom of Table 8 . Based on the 231 firms that have implemented MRP, we obtained the regression coefficients of 0.581, 0.529 and 0.536 for PPC, PP and PC, respectively. All are significant at α = 0.05. Thus, the Hypothesis 2 is supported.
Models (10)- (12) were used to test the impact of each element of MRP on performance. We checked VIF, examined the tolerance of the variables and the condition indices associated with the eigenvalues. All supported the lack of collinearity. Therefore, the multiple linear regression models were effective. Based on the observed significant levels, we found that each of the multiple linear regression models about PPC, PP and PC are statistically significant at α = 0.05. The regression coefficients revealed that demand and order management (0.241), basic data management (0.209), equipment management (0.208) and inventory management (0.178) had significant positive relationships with PPC. Master Production Scheduling (MPS) (0.120), MRP (0.093), Capacity Requirement Planning (CRP) (0.050) and shop flow scheduling and control (0.050), purchasing management (0.074) modules are not significant. Note: PP = performance of production planning; PC = performance of production control; PPC = total performance of production planning and control.
For PP, the regression coefficient of inventory management (0.146), demand management (0.159), equipment management (0.164) and basic data management (0.176) revealed that these elements have significant positive relationships with PP. For PC performance, the regression coefficients of MPS (0.301), purchasing management (0.225), equipment management (0.186) and basic data management (0.153) revealed significant positive relationships with the performance. It is noticeable that data management and equipment management are two elements which are significant in all three performance measures. This confirms the popular belief that basic infrastructure management is the most important success factor in implementing MRP, fitting the saying that 'MRP/ERP is three technology, seven management and twelve data'.
Rough Cut Capacity Planning (RCCP) (−0.058) is an exception that reveals a negative relationship with PC performance. Our interviews with manufacturing firms and ERP software companies indicate that RCCP is a module not often used by manufacturers. Its implementation probably exacerbated the control performance due to the firms' unfamiliarity with the technique.
The joint JIT and MRP implementation versus operational performance
Compatibility of JIT to the existing MRP systems is an issue that has inspired heated debate among practitioners and researchers (Benton and Shin, 1998) . For some who conducted comparison studies, MRP and JIT are mutually exclusive. To others, JIT and MRP are complementary. Regardless of the viewpoints, all such studies have been from industrialised countries and there is no earlier empirical study regarding the performance of the joint MRP+JIT systems in China.
Hypothesis 3 conjectures that for firms jointly implementing JIT and MRP, the aggregated implementation degree of JIT + MRP has a positive association with the production performance. This hypothesis is supported by our data. The results of models (13)-(15) are shown at the centre of Table 9 . Among the 213 firms which have currently implemented both MRP and JIT systems, the implementation degree of MRP + JIT significantly affects the three performances − PPC, PP and PC, with coefficients of 0.589, 0.541 and 0.536, respectively. All are statistically significant with p-values less than 0.0001. This suggests that the greater the implementation degree of JIT + MRP system, the better the operational performance. Note: PP = performance of production planning; PC = performance of production control; PPC = total performance of production planning and control.
Our study adds evidence to support the argument that there is a growing trend of embedding JIT into the MRP system. Future success most likely depends on both concepts. In fact, MRP and JIT can, and must, be applied together as a hybrid manufacturing system (Lee, 1992) . The ensuing problem is what type of roles MRP and JIT should play in a hybrid system. This can be answered by the discussion of Hypothesis 4 below.
Role comparison of JIT and MRP in an integrated system
Our work differs from the literature in that we base our study on examining both MRP and JIT simultaneously. For this, Hypothesis 4 assumes that in a joint JIT + MRP system, MRP plays a more important role in planning function, while JIT contributes more to process control. Models (14)- (16) were used for testing this hypothesis. Surprisingly, our analysis results did not support this hypothesis. Table 9 shows that in an integrated system, implementation degree of MRP contributed more to both planning and control than JIT. The nature of our JIT data does not support the theoretical arguments. This result seems reasonable and justifiable. For firms that employ pure JIT strategy, JIT would be the only 'guru' leading the firm's operation. But in a combined MRP + JIT environment, which represents 85% of our surveyed firms, JIT effectively becomes the base for implementing MRP (including MRPII or ERP). It lays the foundation to ready the MRP implementation. Therefore, it does not show dominance in PC. This does not imply that JIT is inferior. Rabinovich and Evers (2002) suggests that MRP and JIT are substitutes for each other; we found JIT fulfils MRP. A JIT imbedded MRP system is a much more efficient system as evidenced by our results in Table 9 .
Conclusion

Main findings and managerial implications
The purpose of this research is to investigate the current application of advanced manufacturing planning and control technologies in China and to provide empirical evidence about the impacts of the implementation degree of JIT/MRP on the operational performance. The results and managerial implications are summarised below:
1 Advanced manufacturing planning and control technologies, such as JIT and MRP, have been widely accepted by Chinese enterprises. The manufacturers in China benefit from the effective implementation of the JIT and MRP systems.
2 The MRP system is the most adopted planning method in any type of firms. MRP performs well in both the planning and control areas. The implementation degree of the MRP system has a positive association with operational performance.
3 JIT philosophy has been applied by Chinese enterprises for more than two decades. Firms can benefit from an in-depth implementation of the JIT technology. 6 Integrated application of MRP and JIT is a popular trend in China. We found that the implementation degree of the joint JIT + MRP system has a positive influence on operational performance. Effectively applying both technologies will give firms a competitive edge.
7 The results of our research do not validate the notion that, in the joint JIT + MRP system, JIT is superior to MRP in PC. However, a JIT imbedded MRP system is a much more efficient system and combining the MRP and JIT philosophies helps create synergy and attain a performance better than implementing any one individually.
Limitations of the research
Although, this research was successfully carried out and meaningful results were derived, there exist some limitations that make further research necessary. Firstly, the samples in effect were collected from economic developed zones and information from west and north China is limited. Secondly, the survey results were collected from different university's par-time MBA students who work in the adjacent areas, thus the sample though representative is not complete random. Our work may have provided sufficient empirical insights to the current JIT and MRP practice in China, but a more comprehensive understanding of the advanced manufacturing of planning and control technologies employed in China may be warranted.
Future research
To enhance our knowledge about the PPC technologies employed in modern China, we propose the following future research.
1 Although we have obtained some valuable insights and broadened our knowledge of JIT (Lean Production) and MRP (MRPII and ERP) practice in China, we may replicate this study by employing different sampling approaches, increasing the sample size and collecting wider-ranging manufacturing firms to derive more information and higher reliability.
2 Take into account the moderator effect of enterprise characteristics and business environment, such as ownership, industry type, scale of production, etc. Will these factors change the relationship between the implementation degree and the operational performance? Such study helps understand the different facets of the JIT and MRP implementation in Chinese enterprises.
3 Explore the relationship between implementation degree of JIT/MRP and enterprise-wide financial performance. This helps draw the financial insight regarding investment in the advanced manufacturing planning and control technologies in China.
4 Study the implementation preference issues. For example, among the different advanced manufacturing technologies, when, in terms of the company development stage and environment, should JIT and MRP be applied simultaneously? Under what condition should they be implemented sequentially? Moreover, when and how should they be integrated together?
5 Since it is not clear which PPC system dominates the others and there is no single perfect system suited for all types of production environment, benchmarking becomes necessary when production system improvement is required. Case studies are therefore needed to detail JIT and MRP implementation processes and examine the problems encountered during the implementation. 
JIT
If your company has implemented JIT system, please indicate the degree of implementation in your company using five scales. 1) Not used, 2) seldom used, 3) sometime, 4) often used, 5) always used. 
